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(54) Chromatic dispersion compensator and chromatic dispersion compensating optical 
communication system 


(57) A chromatic dispersion compensator of the 
present invention includes an optical circulator or a 
directional coupler having a first, second and third ports; 
an input transmission path connected to the first port; 
an output transmission path connected to the third port; 
a chirped grating connected to the second port; and a 
dispersion compensating fiber connected to at least one 
of the first, second and third ports, the dispersion com- 
pensating fiber and the chirped grating giving chromatic 
dispersion characteristic reverse to the chromatic dis- 


persion characteristic of the input and output transmis- 
sion path. In the wavelength compensator, the optical 
signal is incident into the first port from the input trans- 
mission path, and is made to go out to the chirped grat- 
ing from the second port. Further, the optical signal is 
incident from the chirped grating to return to the second 
port, and is made to go to the output transmission path 
from the third port. 
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Description 

BACKGRO UND OF THF INVENTION 

1 . Field Of the Invention 

The present invention relates to a chromatic disper- 
sion compensator for compensating chromatic disper- 
sion in a transmission path of an optical ffoer 
communication system and relates to a chromatic dis- 
persion compensating optical communication system 
using such a chromatic dispersion compensator. 

2. Description nf jhfi R^t»H Art 

If there arises chromatic dispersion in an optical 
fiber used as a transmission path in a optical digital 
transmission system, lowering of transmission quality is 
brought about. This is because chromatic dispersion 
and chirping produced by direct modulation of a semi- 
conductor laser as a transmitter are coupled to generate 
waveform distortion. The degradation of transmission 
quality caused by waveform distortion becomes more 
remarkable as the bit rate increases. For example, in the 
case of 10 Gbps, it is necessary that the waveform dis- 
tortion (spreading) is controlled to be sufficiently smaller 
than the time width of one slot, that is. about 10 ps 
which is one-tenth as much as 1/10 Gbps = 100 ps . 

As adding to the recent improvement of the bit rate, 
the distance of repeaterless transmission has been 
elongated with the advent of an Er-added optical ffoer 
amplifier having an amplifying function in a 1.55 jum 
band in which a silica based optical fiber exhibits the 
lowest transmission loss, the necessity of delicately 
controlling the value of chromatic dispersion has arisen 
even in the case where a dispersion shifted fiber (DSF) 
having zero dispersion wavelength in the 1.55 urn band 
is used as a transmission path. For example, there is 
used a chromatic dispersion compensating technique in 
which accumulated chromatic dispersion is cancelled 
by a fiber having chromatic dispersion with opposite 
sign at each relay point. 

Further, in the case where a 1.55 fim-band optical 
fiber amplifier is used in the transmission path of a 1.3 
jim-band single mode fiber (1.3 SMF) having been 
already installed or in the transmission path of a very 
low loss pure silica core fiber, large positive chromatic 
dispersion of these fibers in the 1 .55 fim band becomes 
a problem. Therefore, a dispersion compensating ffoer 
having large negative chromatic dispersion in the 1.55 
jim wavelength band has been developed. Such a dis- 
persion compensating ffoer is known by ELECTRON- 
ICS LETTERS, Vol. 30, No. 2, (1994-1-20), pp. 161-162. 

Considering further that the capacity will be 
increased more and more in the future, a wavelength 
division multiplexing transmission method (WDM) prom- 
ises a bright future. In this case, it is necessary that 
chromatic dispersion takes zero in a wavelength range 
of a optical signal used. However, chromatic dispersion 


itself has dependency on wavelength. In the case of a 
matched cladding type ffoer, the slope of dispersion, 
that is, the dispersion slope, is generally positive. 
Accordingly, it is difficult to set the chromatic dispersion 
5 zero in a wide wavelength range. 

In order to solve this problem, a chromatic disper- 
sion flattened fiber in which chromatic dispersion is 
approximately zero in a wide wavelength range is used 
as a transmission path. Further, a dispersion compen- 
10 sating fiber having a negative dispersion slope has 
been developed, for example, as known by European 
Conference on Optical Communication '94, pp. 681- 
684. However, it is difficult to produce these fibers 
because these fibers are complex in the form of retrac- 
es tive index distribution so as to be not controllable. 

On the other hand, a chirped grating has been pro- 
posed as means for compensating chromatic disper- 
sion, for example, as known by Optical Fiber 
Communication Conference '94, postdeadline paper-2, 
20 PD2-1 to PD2-4. First, a fiber grating will be described! 
The fact that the refractive index of a core portion of a 
Ge-added core optical fiber is increased when ultravio- 
let rays of wavelength near 240 nm are radiated onto the 
Ge-added core optical fiber is known by Inoue et al, 
25 "Generation of Fiber Grating and Application thereof 
SHINGAKU-GIHOU, OPE94-5, Institute of Electronics,' 
Information and Communication Engineers of Japan. A 
periodic refractive index change is formed in the fiber 
core by using the ultraviolet rays induced refractive 
30 index change, by which a diffraction grating can be 
obtained so that a specific wavelength can be reflected 
by the diffraction grating. 

Fig. 5 is an explanatory view for explaining the 
chirped grating. In the drawing, the reference numeral 
35 3 1 designates an optical signal of wavelength ; 32, an 
optical signal of wavelength A^; 33, an optical signal of 
wavelength X3; 34, an optical signal of wavelength X A \ 
and 35, an optical ffoer. The relations between the mag- 
nitudes of the wavelengths are X^>X 2 >X s >x 4 . The 
40 chirped grating operates so that the wavelength 
reflected by the aforementioned diffraction grating is 
shifted in the direction of the length of the fiber, that is, 
chirped. Chromatic dispersion can be compensated by 
the chirped grating. The optical fiber 35 has the core 
ts portion in which the refractive index is changed by the 
ultraviolet rays induced refractive index change. 
Respective optical signals 31 to 34 of wavelengths X A to 
A4 incident to the optical fiber from the left in the drawing 
are reflected at intermediate portions so as to return to 
'>o the incident side. 

The refractive index change, that is, the period of 
the grating is designed so as to be gradually reduced 
from the incident side toward the right so that an optical 
signal of a longer wavelength is reflected at a position 
5 nearer the incident side. Further, by writing the grating 
so that the percentage of the change of the period of the 
grating is reduced as the wavelength becomes longer, 
the dispersion slope can be selected to be negative! 
Incidentally, because chromatic dispersion is a slope of 
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propagation delay time with respect to wavelength, and 
the dispersion slope is a slope of the chromatic disper- 
sion, the fact that the dispersion slope is negative 
means the fact that the dependency of propagation 
delay time on wavelength is convex upwards. 5 

Fig. 6 is an explanatory view for explaining a trans- 
mission method. In the drawing, the reference numeral 
41 designates an optical signal transmitter for transmit- 
ting an optical signal of wavelength ; 42, an optical 
signal transmitter for transmitting an optical signal of 10 
wavelength 43, an optical signal transmitter for 
transmitting an optical signal of wavelength X3; 44, an 
optical signal transmitter for transmitting an optical sig- 
nal of wavelength A 4 ; 45, a transmission path; 46, ampli- 
fiers; 47, a transmission path; 48, a transmission path; 15 
49, an optical receiver for receiving an optical signal of 
wavelength k^; 50, an optical receiver for receiving an 
optical signal of wavelength 51, an optical receiver 
for receiving an optical signal of wavelength X3; and 52, 
an optical receiver for receiving an optical signal of 20 
wavelength X 4 . Now, it is assumed that amplified WDM 
transmission of four signal wave lengths by way of 
example. In the transmitter side, the optical signal trans- 
mitters 41 to 44 of wavelengths X 1( X^, A3 and X 4 are 
connected to one transmission-side transmission path 25 
45 by a multiplexer not shown. The transmission path 45 
is connected to final one amplifier 46 and the receiver 
side transmission path 48 through one pair of the relay 
amplifier 46 and the transmission path 47 or a plurality 
of pairs of the relay amplifiers 46 and the relay transmis- 30 
sion paths 47. The transmission path 48 is connected to 
the optical receivers 49 to 52 of wavelengths X 1( A3 
and X 4 by a demultiplexer not shown. 

Description will be made specifically by using 
numerical values. The span of the transmission path 47 35 
is about 80 km. In the case where the transmission path 
47 is comprised of a 1.3 \im single mode fiber, chro- 
matic dispersion in wavelength of 1550 nm is 17 
ps/nm/km, so that the quantity of compensated chro- 
matic dispersion of the overall relay distance is 1360 40 
ps/nm. Even if the amplification wavelength range of the 
optical fber amplifier 46 is estimated to be 1 550±10 nm, 
that is, the width of the amplification wavelength range 
is estimated to be 20 nm, the delay time difference of 
(1360x20=27200ps=)27.2ns is required between the 45 
optical signal of the longest wavelength and the optical 
signal of the shortest wavelength in the amplification 
wavelength range. Consequently, the length of the opti- 
cal ffoer 35 giving the chirped grating shown in Fig. 5 
reaches 2.7 m unpractically. so 

Incidentally, the delay time difference means the 
propagation time difference between the signal of the 
shortest wavelength and the signal of the longest wave- 
length in the wavelength range of the optical signal as a 
subject. To set the delay time difference to be A[ps], the 55 
grating length L[mm] is selected to be 
L=3x10 11 /1.5xAx10" 12 x(1/2)=Ax10' 1 [mm]. Here, 
3x10 11 [mm] is the velocity of light in vacuum, 1.5 is the 
refractive index of glass, and (1/2) is a coefficient 


obtained by taking into account the round trip of the opti- 
cal signal. 

Accordingly, a method in which gratings of narrow 
wavelength widths near the respective optical signal 
wavelengths ^ to A, 4 are produced and the gratings 
thus produced are arranged is known by the aforemen- 
tioned Optical Fiber Communication Conference '94, 
postdeadline paper-2, PD2-1 to PD2-4. In this method, 
however, there arises a problem that optical signal 
wavelengths X A to X A in respective systems have to be 
known in advance, etc. 

SUMMARY OF THE INVENTION 

It is an object of the present invention is to provide 
a chromatic dispersion compensator for compensating 
the chromatic dispersion of a transmission path in an 
optical communication system and to provide a chro- 
matic dispersion compensating optical communication 
system using such a chromatic dispersion compensa- 
tor. 

The chromatic dispersion compensator of the 
present invention includes: an optical signal directing 
unit such as an optical circulator or a directional coupler 
having a first, second and third ports, for directing an 
optical signal inputted from one of the ports to another 
port of the ports; an input transmission path connected 
to the first port; an output transmission path connected 
to the third port; a chirped grating which is connected to 
the second port; and a dispersion compensating fiber 
which is connected to at least one of the first, second 
and third ports, the dispersion compensating fiber and 
the chirped grating giving chromatic dispersion charac- 
teristic reverse to the chromatic dispersion characteris- 
tic of the input and output transmission path. In the 
chromatic dispersion compensator, the optical signal is 
incident into the first port from the input transmission 
path, and is made to go out to the chirped grating from 
the second port. Further, the optical signal is incident 
from the chirped grating to return to the second port, 
and is made to go to the output transmission path from 
the third port. 

In addition, the chromatic dispersion compensating 
optical communication system of the present invention 
includes a transmission path and the above described 
chromatic dispersion compensator which is connected 
to an intermediate or end portion of said transmission 
path. If the transmission path is a 1.3 fim-band single 
mode ftoer, the dispersion compensating fiber has neg- 
ative chromatic dispersion in a wavelength range used. 
On the other hand, if the transmission path is a 1 .55 jim- 
band single mode fiber, the dispersion compensating 
f iber has positive chromatic dispersion in a wavelength 
range used. 

According to the chromatic dispersion compensator 
of the present invention, chromatic dispersion which 
cannot be compensated only by the dispersion compen- 
sating fiber is compensated by the chirped grating, so 
that not only chromatic dispersion of a transmission 
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path can be compensated in a wide wavelength range 
but also the grating length can be reduced. Further, by 
using the optical circulator, the loss of insertion can be 
reduced. Alternatively, by using the directional coupler, 
the length of the grating can be reduced. 5 

According to the chromatic dispersion compensat- 
ing optical communication system of the present inven- 
tion, the chromatic dispersion of the transmission path 
of the 1.3 jim-band or 1.55 |im-band single mode fiber 
can be compensated. ~ 10 

BRIEF DESCRIPTION OF THE DRAWINGS 


In the accompanying drawings; 


PREFERRED EMBODIMFNT S QF THE INVFNTION1 


15 


Fig. 1 A is an explanatory view for explaining an 
embodiment of the present invention showing a 
case where an optical circulator is used; 
Fig. 1B is an explanatory view for explaining an 
embodiment of the present invention showing a 20 
case where a directional coupler is used; 
Fig. 2 is a graph for explaining the chromatic disper- 
sion characteristic of the embodiment; 
Fig. 3 is an explanatory view for explaining a first 
modified example of the embodiment of the present 25 
invention; 

Fig. 4 is an explanatory view for explaining a sec- 
ond modified example of the embodiment of the 
present invention; 

Fig. 5 is an explanatory view for explaining the 30 
chirped grating; and 

Fig. 6 is an explanatory view for explaining the 
amplified WDM transmission method. 


35 


The preferred embodiments of the present inven- 
tion will be described referring to the accompanying 
drawings as follows. 

Fig. 1 A is an explanatory view for explaining an 40 
embodiment of the present invention showing a case 
where an optical circulator is used, and Fig. 1 B is an 
explanatory view for explaining an embodiment of the 
present invention showing a case where a directional 
coupler is used. In the drawing, the reference numeral 1 45 
represents an input transmission path; 2, an optical cir- 
culator; 3, an output transmission path; 4, a dispersion 
compensating fiber; 5, a chirped grating; 6. a nonref lec- 
tive terminal; and 7, a directional coupler. 

In Fig. 1A, the input transmission path 1 is con- 50 
nected to a first port 51 of the optical circulator 2, and a 
third port 53 of the optical circulator 2 is connected to 
the output transmission path 3. Further, a second port 2 
of the optical circulator 2 is connected to the dispersion 
compensating fiber 4. The chirped grating 5 is con- 55 
nected to an end of the dispersion compensating fiber 4. 
The chirped grating 5 is preferably terminated at the 
nonreflective terminal 6. For example, the transmission 
path is constituted by a 1 .3 jim single mode optical fiber. 


The chirped grating 5 reflects an optical signal so that 
chromatic dispersion in the transmission path which 
cannot be compensated by the round trip's chromatic 
dispersion characteristic of the dispersion compensat- 
ing fiber 4 is compensated by a relatively wide wave- 
length range. 

In Fig. 1 B, the directional coupler 7 such as, for 
example, an optica] f foer coupler is used instead of the 
optical circulator 2 which is a non-reciprocal element 
shown in Fig. 1 A. In Fig. 1 B, ports in the left of the direc- 
tional coupler 7 are referred to as a first port 61 and a 
third ports 63, and ports in the right of the directional 
coupler 7 are referred to as a second port 62 and a 
fourth port 64. The input transmission path 1 is con- 
nected to the first port 61 . The third port 63 is connected 
to the output transmission path 3. The second port 62 is 
connected to the dispersion compensating fiber 4. The 
fourth port 4 is preferably terminated at the nonreflective 
terminal 6. Although an insertion loss not lower than 3 
dB arises when the directional coupler 7 is used, the 
loss can be compensated by an amplifier. 

Fig. 2 is a graph for explaining the chromatic disper- 
sion characteristic of the embodiment. The horizontal 
axis represents wavelength of an optical signal, and the 
vertical axis represents chromatic dispersion. The refer- 
ence numeral 1 1 represents chromatic dispersion char- 
acteristic of the transmission path; 12, round trip's 
chromatic dispersion characteristic of the dispersion 
compensating fiber; 13, characteristic obtained by add- 
ing the round trip's chromatic dispersion of the disper- 
sion compensating fiber to the chromatic dispersion of 
the transmission path; and 14, chromatic dispersion 
characteristic of the chirped grating which has a nega- 
tive dispersion slope characteristic. The dispersion 
compensating fiber 4 has negative chromatic dispersion 
so that the round trip's chromatic dispersion character- 
istic 12 thereof exhibits chromatic dispersion which is 
equal in absolute value to but has opposite sign to the 
chromatic dispersion exhibited by the chromatic disper- 
sion characteristic 1 1 of the transmission path at a pre- 
determined wavelength Aq. As a result, at the 
predetermined wavelength Ao, the chromatic dispersion 
of the transmission path is compensated so that the 
value of chromatic dispersion becomes zero. When 
almost the chromatic dispersion characteristic 1 1 of the 
transmission path is compensated as described above, 
only a wavelength-dependent component of chromatic 
dispersion remains as a component which cannot be 
compensated. This residual characteristic is the charac- 
teristic 13 obtained by adding the round trip's chromatic 
dispersion of the dispersion compensating fiber to the 
chromatic dispersion of the transmission path. 

Therefore, only the wavelength-dependent compo- 
nent of the chromatic dispersion is compensated by the 
chirped grating having the negative dispersion slope 
equal in absolute value to but with negative sign to the 
dispersion slope of the wavelength-dependent compo- 
nent. Consequently, chromatic dispersion after com- 
pensation can be set to be in a constant value 0 
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regardless of the wavelength. That is, the chromatic dis- 
persion characteristic 14 of the chirped grating 5 is pro- 
vided as characteristic which exhibits a value equal in 
absolute value to but with negative sign to the afore- 
mentioned residual characteristic, that is, the character- 
istic 13 obtained by adding the round trip's chromatic 
dispersion of the dispersion compensating ftoer to the 
chromatic dispersion of the transmission path. 

Referring back again to Fig. 1 A, description will be 
made. An optical signal, for example, having a 1 .55 fim 
band is injected into the optical circulator 2 at the first 
port 51 thereof through the input transmission path 1 of 
a 1 .3 n,m single mode optical fiber, made to go out from 
the optical circulator 2 at the second port 52 thereof, led 
to the dispersion compensating fiber 4 and reflected by 
the chirped grating 5. The reflected optical signal is 
propagated in the dispersion compensating fber again, 
injected into the optical circulator 2 at the second port 
52 thereof and made to go out from the optical circulator 
2 at the third port 53 thereof toward the output transmis- 
sion path 3. 

Incidentally, the dispersion compensating fiber 4 
may be connected to the first port 51 or the third port 53 
of the optical circulator 2. Alternatively, two or three dis- 
persion compensating fibers 4 may be used so as to be 
connected to different ports among the first, second and 
third ports 51 , 52 and 53. When the dispersion compen- 
sating fiber 4 is connected to the second port 52 as 
described above, there arises an advantage in that the 
required length of the dispersion compensating fiber 
necessary for obtaining a predetermined delay time can 
be reduced by half. 

Fig. 3 is an explanatory view for explaining a first 
modified example of the embodiment of the present 
invention. In Fig. 3, elements the same as those in Fig. 
1 are referenced correspondingly, and the description of 
those elements will be omitted. The reference numeral 
21 and 22 represent an amplifier and an optical 
receiver, respectively. In this modified embodiment, the 
amplifier 21 such as an optical fiber amplifier, or the like, 
is inserted into the first port 51 of the optical circulator 2 
to thereby compensate the loss of insertion of the dis- 
persion compensating fiber 4 and the chirped grating 5. 
The transmission path 3 or the optical receiver 22 is 
connected to the third port 53 of the optical circulator 2. 

Fig. 4 is an explanatory view for explaining a sec- 
ond modified example of the embodiment of the present 
invention. In Fig. 4, elements the same as those in Figs. 
1 and 3 are referenced correspondingly, and the 
description of those elements will be omitted. The refer- 
ence numeral 23 designates an optical signal receiver. 
In this modified embodiment, the optical fiber amplifier 
21 is inserted into the third port 53 of the optical circula- 
tor 2 to thereby compensate the insertion loss of the dis- 
persion compensating fiber 4 and the chirped grating 5. 
The transmission path 3 or the optical signal transmitter 
23 is connected to the first port 51 of the optical circula- 
tor 2. 


In the aforementioned first and second modified 
examples, the directional coupler 7 shown in Fig. 1B 
maybe used instead of the optical circulator 2 shown in 
Fig. 1 A. An amplifier function for compensating the loss 

5 of insertion of the directional coupler 7 may be given to 
the amplifier 21. 

The chromatic dispersion compensator described 
above with reference to Figs. 1 A through 4 can be set in 
an arbitrary portion on transmission paths 45, 47 and 48 

10 in a amplified WDM transmission system shown in Fig. 
6. Typically, the chromatic dispersion compensator is 
provided in the front, inside, or rear of an amplifier 46 so 
as to be adjacent thereto, so that chromatic dispersion 
of a transmission path 47 is compensated. The function 

75 of the amplifier 21 and/or the function of an amplifier for 
compensating the loss of insertion of the directional 
coupler 7 may be given to the amplifier 46. 

Referring to Figs. 6 and 1A, a specific example of 
the present invention will be explained. First, the case 

20 where the transmission path 47 in the four wavelength 
multiplexed amplified transmission system shown in 
Fig. 6 is constituted by a 1 .3 jam single mode fiber will be 
described. It is assumed that the span of the transmis- 
sion path 47 is 80 km, and the wavelength of the ampli- 

25 fication band of the optical fiber amplifier 46 is 1550+10 
nm, that is. the band width is 20 nm. In the case of 
wavelength Ao=1540 nm, the chromatic dispersion of 
the 1.3 \im single mode fiber is about 16.5 ps/nm/km 
and the dispersion slope thereof is about 0.05 

30 ps/nm 2 /km. Further, in the case of the wavelength 1 540 
nm, the chromatic dispersion of the dispersion compen- 
sating fiber 4 is about -80 ps/nm/km and the dispersion 
slope thereof is about 0.10 ps/nm 2 /km. In order to set 
the chromatic dispersion zero in the case of the wave- 

35 length Ao=1540 nm, the required length of the disper- 
sion compensating fiber 4 is made to be 
(16.5x80/80=) 16.5 km . If the optical signal is used so 
as to make a round trip, the required length of the dis- 
persion compensating fiber 4 is made to be a half of the 

40 aforementioned value. In this case, the dispersion slope 
of the overall transmission path inclusive of the trans- 
mission path 47 of the 1 .3 (xm single mode fiber and the 
compensation due to the dispersion compensating fiber 
4 is made to be (0.05x80+0. 10x1 6. 5=)5. 65 ps/nm 2 . 

45 Accordingly, the delay time difference of 
{(1/2)x5.65x20 2 =}1 130 ps is required to be generated 
in the chirped grating 6. Accordingly, the required grat- 
ing length becomes 11.3 cm. In the conventional 
method described above, the required grating length is 

so 27.2m in which the chirped grating 6 is only used. As a 
result, the required grating length can be reduced to 
1/20 or less. 

To put the required length of the dispersion com- 
pensating fiber 4 in a practical range, it is preferable that 
55 the chromatic dispersion of the dispersion compensat- 
ing fiber 4 is set to be not larger than -40 ps/nm/km. 
When the chromatic dispersion of the dispersion com- 
pensating fiber 4 is -40 ps/nm/km, the required length of 
the dispersion compensating fiber 4 becomes 
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(16.5x80/40=)33 km . In the case where the optical sig- 
nal is used so as to make a round trip, however, the 
required length of the dispersion compensating fiber 4 is 
reduced to a half of this value, that is, the required 
length of the dispersion compensating fiber 4 becomes 5 
equal to the length of the aforementioned dispersion 
compensating fiber 4. 

Next, the case where the transmission path 47 is 
constituted by a dispersion shifted fiber will be 
described. It is assumed that the transmission path 47 is io 
constituted by a dispersion shifted fiber of 80 km. In 
order to avoid the four wave mixing generated in the dis- 
persion shifted fiber, the zero dispersion wavelength is 
set, for example, to 1570 nm. The dispersion slope is 
about 0.08 ps/nrr^/km. The wavelength of the amplif ica- is 
tion band of the optical fiber amplifier 46 is set to 
1550±10 nm, that is, the band width is set to 20 nm. 

First, the case where no dispersion compensating 
fiber 4 is used will be described as a comparative exam- 
ple. In the case of the wavelength 1550 nm, the chro- 20 
matic dispersion of the dispersion shifted ftoer is 
{0.08x(-20)x80=}-128 ps/nm . Accordingly, the 
required delay time difference in the chirped grating 6 
becomes {128x20=}2560 ps . As a result, the required 
grating length necessary for setting the chromatic dis- 25 
persion to zero is 25.6 cm. 

Next, the case where a 1 .3 nm single mode fiber is 
used as the dispersion compensating fiber 4 will be 
described. A pure silica core ftoer of very low loss is 
preferably used as the 1.3 jim single mode fiber. The 30 
chromatic dispersion of the dispersion shifted fiber at 
the wavelength of *o=1560 nm is {0.08x(-10)=}-0.8 
ps/nm/km because the dispersion slope is about 0.08 
ps/nrr^/km, whereas the chromatic dispersion of the 1 .3 
jim single mode ftoer at the wavelength of ^=1 560 nm 35 
is 1 7.5 ps/nm/km and the dispersion slope is about 0.05 
ps/nrrr^/km. In order to set the chromatic dispersion to 
zero at the wavelength of ^=1560 nm, the required 
length of the dispersion compensating fiber 4 is made to 
be {0.8x80/1 7.5=}3.66 km . However, in the case where 40 
the optical signal is used so as to make a round trip, the 
required length is reduced to a half of this value. In this 
case, the dispersion slope of the overall transmission 
path inclusive of the transmission path 47 of the disper- 
sion shifted ftoer and the compensation due to the dis- 45 
persion compensating fiber 4 is made to be 2. 
{0.08x80+0.05x3.66=}6.58 ps/nm 2 . 

Accordingly the delay time difference of 
{(1/2)x6.58x20 =}1316ps is required to be generated 
in the chirped grating 6. As a result, the required grating so 
length becomes 13.2 cm which is about a half of 25.6 3. 
cm in the case where no dispersion compensating ftoer 
4 is used as described above. That is, the required grat- 
ing length becomes a value adapted for practical use. 

The required grating length in the case where the 55 4. 
transmission path 47 is constituted by a 1.3 nm single 
mode fiber is substantially equal to the required grating 
length in the case where the transmission path 47 is 
constituted by a dispersion shifted ftoer. 


As is apparent from the above description, in 
accordance with the present invention, chromatic dis- 
persion which cannot be compensated by the disper- 
sion compensating ftoer is compensated by the chirped 
grating so that not only the chromatic dispersion of the 
transmission path in an optical ftoer communication sys- 
tem can be reduced but also the grating length of the 
chirped grating can be reduced greatly in a wide wave- 
length band of the optical fiber amplifier. As a result, 
waveform distortion caused by combination between 
chirping produced by direct modulation of a semicon- 
ductor laser used as a transmitter and chromatic disper- 
sion becomes low. There arises an effect that lowering 
of transmission quality can be prevented. 

Claims 

1 . A chromatic dispersion compensator comprising: 

optical signal directing means having a first, 
second and third ports, for directing an optical 
signal inputted from one of said ports to 
another port of said ports; 
an input transmission path which is connected 
to said first port; 

an output transmission path which is con- 
nected to said third port; 
a chirped grating which is connected to said 
second port; and 

a dispersion compensating fiber which is con- 
nected to at least one of said first, second and 
third ports, said dispersion compensating fiber 
and said chirped grating giving chromatic dis- 
persion characteristic reverse to the chromatic 
dispersion characteristic of said input and out- 
put transmission path; 

wherein the optical signal is incident into said 
first port from said input transmission path, the 
optical signal is made to go out to said chirped 
grating from said second port, the optical signal 
is incident from said chirped grating to return to 
said second port, and the optical signal is 
made to go to said output transmission path 
from said third port. 

2. A chromatic dispersion compensator according to 
claim 1 , further comprising an optical ftoer amplifier 
which is connected to at least one of said first and 
third ports. 

5. A chromatic dispersion compensator according to 
claim 1 , wherein said optical signal directing means 
is an optical circulator. 

A chromatic dispersion compensator according to 
claim 3, further comprising an optical ftoer amplifier 
which is connected to at least one of said first and 
third ports. 
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5. A chromatic dispersion compensator according to 
claim 1, wherein said optical signal directing means 
is a directional coupler. 

6. A chromatic dispersion compensator according to 
claim 5, further comprising an optical fiber amplifier 
which is connected to at least one of said first and 
third ports. 

7. A chromatic dispersion compensator according to 
claim 5, wherein said optical signal direction means 
has a fourth port. 


made to go to said output transmission path 
from said third port 

11. A chromatic dispersion compensating optical com- 
5 munication system according to claim 10, wherein 

said optical signal directing means is an optical cir- 
culator. 

12. A chromatic dispersion compensating optical com- 
10 munication system according to claim 10, wherein 

said optical signal directing means is a directional 
coupler. 


8. A chromatic dispersion compensator according to 
claim 7, wherein said fourth port has a nonref lective 
terminal. 

9. A chromatic dispersion compensator according to 
claim 1, wherein said chirped grating has a nonre- 
f lective terminal. 

10. A chromatic dispersion compensating optical com- 
munication system comprising: 

a transmission path comprising a 1 .3 jim-band 
single mode fiber; and 

a chromatic dispersion compensator which is 
connected to an intermediate or end portion of 
said transmission path, said chromatic disper- 
sion compensator comprising: 

optical signal directing means having a 
first, second and third ports, for directing 
an optical signal inputted from one of said 
ports to another port of said ports; 
an input transmission path which is con- 
nected to said first port; 
an output transmission path which is con- 
nected to said third port; 
a chirped grating which is connected to 
said second port; and 
a dispersion compensating fiber which is 
connected to at least one of said first, sec- 
ond and third ports, said dispersion com- 
pensating fiber and said chirped grating 
giving chromatic dispersion characteristic 
reverse to the chromatic dispersion char- 
acteristic of said input and output transmis- 
sion path, said dispersion compensating 
fiber having negative chromatic dispersion 
in a wavelength range used; 

wherein the optical signal is incident into said 
first port from said input transmission path, the 
optical signal is made to go out to said chirped 
grating from said second port, the optical signal 
is incident from said chirped grating to return to 
said second port, and the optical signal is 


13. A chromatic dispersion compensating optical com- 
75 munication system according to claim 10, wherein 
said chromatic dispersion compensator further 
comprising an optica! fiber amplifier which is con- 
nected to at least one of said first and third ports. 

20 14. A chromatic dispersion compensating optical com- 
munication system according to claim 13, wherein 
said dispersion compensating fiber has chromatic 
dispersion equal to or less than -40 ps/nm/km in 
said wavelength range used. 

25 

15. A chromatic dispersion compensating optical com- 
munication system according to claim 14, wherein 
said wavelength range used is in a range of 1540 to 
1560 nm. 

30 

16. A chromatic dispersion compensating optical com- 
munication system according to claim 10, wherein 
said dispersion compensating fiber has chromatic 
dispersion equal to or less than -40 ps/nm/km in 

35 said wavelength range used. 

17. A chromatic dispersion compensating optical com- 
munication system according to claim 16, wherein 
said wavelength range used is in a range of 1540 to 

40 1560 nm. 

18. A chromatic dispersion compensating optical com- 
munication system according to claim 10, wherein 
said wavelength range used is in a range of 1540 to 

45 1560 nm. 

19. A chromatic dispersion compensating optical com- 
munication system comprising: 

so a transmission path comprising a 1.55 |im- 

band single mode fiber; and 
a chromatic dispersion compensator which is 
connected to an intermediate or end portion of 
said transmission path, said chromatic disper- 

55 sion compensator comprising: 

optical signal directing means having a 
first, second and third ports, for directing 
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an optical signal inputted from one of said 
ports to another port of said ports; 
an input transmission path which is con- 
nected to said first port; 
an output transmission path which is con- 
nected to said third port; 
a chirped grating which is connected to 
said second port; and 
a dispersion compensating ftoer which is 
connected to at least one of said first, sec- 
ond and third ports, said dispersion com- 
pensating fiber and said chirped grating 
giving chromatic dispersion characteristic 
reverse to the chromatic dispersion char- 
acteristic of said input and output transmis- 
sion path, said dispersion compensating 
fiber having positive chromatic dispersion 
in a wavelength range used; 


26. A chromatic dispersion compensating optical com- 
munication system according to claim 25, wherein 
said wavelength range used is in a range of 1 540 to 
1560 nm. 


wherein the optical signal is incident into said 20 
first port from said input transmission path, the 
optical signal is made to go out to said chirped 
grating from said second port, the optical signal 
is incident from said chirped grating to return to 
said second port, and the optical signal is 25 
made to go to said output transmission path 
from said third port 


20. A chromatic dispersion compensating optical com- 
munication system according to claim 19, wherein 30 
said optical signal directing means is an optical cir- 
culator. 

21. A chromatic dispersion compensating optical com- 
munication system according to claim 19, wherein 35 
said optical signal directing means is a directional 
coupler. 


22. A chromatic dispersion compensating optical com- 
munication system according to claim 19, wherein 40 
said chromatic dispersion compensator further 
comprising an optical fiber amplifier which is con- 
nected to at least one of said first and third ports. 

23. A chromatic dispersion compensating optical com- 45 
munication system according to claim 22, wherein 
said wavelength range used is in a range of 1540 to 
1560 nm. 


A chromatic dispersion compensating optical com- so 
munication system according to claim 19, wherein 
said wavelength range used is in a range of 1540 to 
1560 nm. 


25. A chromatic dispersion compensating optical com- 55 
munication system according to claim 19, wherein 
said dispersion compensating fiber is a 1.3 
band single mode fiber. 
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(54) Chromatic dispersion compensator and chromatic dispersion compensating optical 
communication system 


(57) A chromatic dispersion compensator of the 
present invention includes an optical circulator or a 
directional coupler having a first, second and third ports; 
an input transmission path connected to the first port; 
an output transmission path connected to the third port; 
a chirped grating connected to the second port; and a 
dispersion compensating fiber connected to at least one 
of the first, second and third ports, the dispersion com- 
pensating fiber and the chirped grating giving chromatic 
dispersion characteristic reverse to the chromatic dis- 
persion characteristic of the input and output transmis- 
sion path. In the wavelength compensator, the optical 
signal is incident into the first port from the input trans- 
mission path, and is made to go out to the chirped grat- 
ing from the second port. Further, the optical signal is 
incident from the chirped grating to return to the second 
port, and is made to go to the output transmission path 
from the third port. 
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